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Abstract
Dynamic Random Access Memory (DRAM) will lose its contents due to the
leakage current of the capacitor present in it. Charge retention capacity of DRAM
is affected by leakage current.The temperature dependent current-voltage (I-V)
characteristics of Ba0.8Sr0.2TiO3 (BST) thin-film capacitors with and without
ZrO2 layer were studied in the temperature range of 400 to 450 K. It is observed
that the leakage current is reduced for capacitors with ZrO2 layer compared to
those without this layer. The leakage current is dominated by Ohmic conduction
mechanism in the low field region whereas space charge limited current (SCLC)
mechanism contributes to the leakage current in the medium field region for both
films. The activation energy (Ea) for Ohmic conduction process is 0.5 eV for
BST films and 0.56 eV for BST/ZrO2 multilayered film. The leakage current
density is reduced by an order of magnitude for BST/ZrO2 multilayered films
compared to that of BST films in the whole electric field range. The estimated
trap density (Nt) decreases from 5.1 x 10
18 to 2.2 x 1018 cm−3 with the insertion
of ZrO2 layer. The observed reduced leakage current for capacitor with BST/ZrO2
multilayer dielectric is due to the increase in the activation energy and decrease
in the trap density and hence suitable for increasing the retention capacity of
DRAM. Simulated leakage current density (J) versus electric field (E) is calculated
for BST thin film capacitor at different temperatures and is compared with the
experimental data. It is observed that the measured leakage current density is
higher in comparison to simulated current density and is due to the effect of
electrodes and dielectric thin film structure in a real capacitor.
Keywords: DRAM, high dielectric constant,retention capacity, leakage
current
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Introduction
Recently, Dynamic Random Access Memory (DRAM) is the dominant solid-state
memory device in the whole microprocessor system. DRAM will lose its contents
due to the leakage current of the capacitor present in it. Now-a-days, high-k
materials play an important role in microelectronic devices such as capacitors
and memory devices [1]. Ferroelectric barium strontium titanate [BaxSr1−xTiO3,
(BST)] thin film has attracted much attention for its potential applications in
devices such as dynamic random access memories (DRAM), field effect transistors
(FET) because of its high dielectric constant, low leakage current, and high
breakdown field [2–4]. The leakage current of the BST thin film is one of the most
important issues in estimating the charge retention capacity of the capacitor [4].
Also power dissipation in memory devices is due to the leakage current through
the gate dielectric material [5]. Thus, to reduce the power dissipation and for
obtaining a better charge retention of DRAM a low leakage current is essential.
Among the various approaches to optimize the properties in BST thin films,
recently, a multilayer structure with a combination of BST and other dielectrics
has been proven to be useful approach to improve the properties of BST film.
Among the different approaches to reduce the leakage current in BST thin film,
a multilayer with a combination of BST and ZrO2 has been proven to be very
useful approach. The conduction current is one of the most important issues for
capacitor charge retention. In order to fully understand the conduction current,
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the carrier transport mechanisms should be studied thoroughly.
Leakage current analysis in the dielectric thin film has been an important
study for the use of these materials in microelectronic devices. The
conduction mechanisms in thin films can be classified into two groups
such as interfaced-controlled including Schottky emission, Fowler-Nordheim
(FN) tunneling and bulk-controlled including Poole-Frenkel emission, space-
charge-limited conduction (SCLC), and Ohmic conduction process [6]. Lots of
work has been done to reduce the leakage current in BST thin films such as
the heterostructured BST/MgO thin films [7]. However, the ohmic conduction
mechanism in pure BST films and BST/ZrO2/BST multilayred films and the study
of activation energies have not been reported in detail yet.
In this work, the leakage current in BST films and BST/ZrO2/BST multilayer
thin films has been measured in the temperature range of 400 to 450K. The
conduction mechanisms contributing to the leakage current in different field regions
and the activation energy for electrons in the Ohmic conduction process in these
films have been studied.
1.1 Simple structure of DRAM device
In 1968, R. H. Dennard of IBM patented the concept of the DRAM. His concept
included one transistor and one storage capacitor, more commonly referred to as
the one transistor (1-T) DRAM cell as shown in Figure 1.1. In DRAM cell, the
capacitor will store the charge or data whereas the transistor will act as a control
switch.
1.2 Charge storage capacity of the capacitor in
a DRAM cell
The charge stored in a capacitor (Q) is given by Equation (1.1),
Q = C × V (1.1)
2
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Figure 1.1: Simple structure of DRAM device.
where C is the capacitance of the capacitor at fixed voltage V . The expression
for capacitance for a parallel plate capacitor is given by Equation (1.2),
C = ε0εr
A
d
(1.2)
where C is the capacitance of the capacitor, εr is the dielectric constant, ε0 is
the permittivity of the free space, A is the cross-sectional area of the plate, d is the
thickness of the dielectric layer in the capacitor. To increase the charge storage
capacity of a capacitor, one has to increase the capacitance of the capacitor. It is
seen that by simply decreasing the dielectric thickness, a higher capacitance can be
achieved. If we are using conventional dielectric such as SiO2, decreasing dielectric
thickness will give more leakage current which is not good for the reliability
performance of DRAM. Thus, it is not practical to focus on SiO2 as the dielectric
material for storage capacitor. Another option is to increase the cross sectional
area of the capacitor. Unfortunately, there is more difficulty in the fabrication
of these structures. The final option for increasing the capacitance is to use a
material with a higher dielectric constant. Barium strontium titanate (BST) is a
material which has high dielectric constant.
3
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1.3 Charge retention capacity of the capacitor
Charge retention capacity of a capacitor is defined as the time duration for which
the capacitor can hold the charge. If the charge loss of the capacitor is lower which
means the charge retention capacity is higher. This charge retention capacity
depends on the leakage current of the capacitor. Therefore, in order to improve the
charge retention capacity, one has to reduce the leakage current of the capacitor.
1.4 Different leakage current mechanisms in the
dielectric
1.4.1 Ohmic conduction mechanism
In the low electric field region, the possible leakage mechanism is Ohmic conduction
which is carried out by thermally excited electrons hopping from one state to the
next within the band gap of the dielectric as shown in Figure 1.2. When a positive
field is applied to the top electrode (Au) of the MIM capacitor, electron will flow
from the bottom electrode (Pt) to a defect state in the dielectric and then it will
hop to the next defect state. As a result, the electron will go through the whole
dielectric layer and will reach the top electrode.
Figure 1.2: Schematic diagram showing the Ohmic conduction mechanism within
a dielectric material.
4
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The Ohmic J current density is given by Equation (1.3),
J ∼ Eexp
(−Ea
kT
)
(1.3)
where E is the electric field, T is the device temperature, and Ea is the thermal
activation energy of conduction electrons.
1.4.2 Space charge limited current (SCLC) mechanism
In the medium electric field region, space charge limited current (SCLC)
mechanism occurs. When a positive voltage is applied to the top electrode (Au) of
the MIM capacitor, the injected electrons from the bottom electrode (Pt) enter the
conduction band of the dielectric layer, which form space charges. In a perfect,
trap free insulator, all the injected electrons remain free and contribute to the
space charge current. However, for dielectric films, traps are generally formed as
a result of a large amount of structural disorders. The presence of empty traps
in the dielectric film could significantly reduce the current by capturing a great
portion of the injected electrons. This is called space charge limited current. As
the applied voltage is increased, the traps will become filled gradually until a trap
filled limited voltage (VTFL) is reached where all the traps will eventually become
filled. The SCLC mechanism is shown in the Figure 1.3.
Figure 1.3: Schematic diagram showing space charge limited current (SCLC)
mechanism within a dielectric material.
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Assuming a single trap level below the conduction band of the dielectric, the
relationship between the current density (J ) and electric field (E ) is given by
Equation (1.4),
J =
9
8
µε0εrθ
E2
d
(1.4)
where εr is the relative dielectric constant, ε0 is the permittivity of the free
space, µ is the electron mobility, E is the applied electric field, d is the film
thickness, and θ is the ratio of free to trapped charges.
1.4.3 Poole-Frenkel mechanism
In the high electric field region Poole-Frenkel mechanism occurs. When high
positive voltage is applied to the top electrode (Au) of the MIM capacitor, the
injected electrons from the bottom electrode (Pt) will be trapped in the trap level
present below the conduction band of the dielectric and then detrapped into the
conduction band as shown in Figure 1.4. It is well known that the Poole-Frenkel
Figure 1.4: Schematic diagram showing the Poole-Frenkel (PF) mechanism within
a dielectric material.
mechanism is due to the field enhanced thermal excitation of trapped electrons
into the conduction band. Defects below the conduction band within the dielectric
bandgap can participate in the conduction process through electron trapping and
detrapping when both field and temperature are varied. The leakage current
6
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density (J ) due to Poole-Frenkel mechanism is described by Equation (1.5),
JPF = qNcµEexp
(
βPFE
1
2 − qφt
kT
)
(1.5)
where βPF =
(
q3
piεε0
) 1
2
(ε is the dynamic dielectric constant and ε0 is the
permittivity of the free space), Nc is the density of states in the conduction band,
µ is the electron mobility, qφt is the trap level energy, E is the electric field, k is
the Boltzmann constant, and T is the device temperature.
1.5 (Ba,Sr)TiO3 dielectric material
To store more data in DRAM the capacitance of a capacitor have to increase.
The suitable option for increasing the capacitance of a capacitor is to use a
material with higher dielectric constant. The search for materials having higher
dielectric constants have led to ferroelectric materials, since the permittivity of
these materials can be a few hundred times higher than that of SiO2. Ferroelectric
materials were discovered and have been studied since 1921, but have not been
seriously considered for semiconductor memory application till now. BaTiO3 is
a ferroelectric material and has been well studied in bulk ceramic form. The
utilization of the BaTiO3-SrTiO3 solid solution allows the Curie temperature
(ferroelectric-paraelectric transition temperature, Tc) of BaTiO3 to be shifted from
120oC to around room temperature for Ba1−xSrxTiO3 material. Generally, the
ferroelectric materials show high dielectric constant at the transition temperature.
By the addition of Sr into pure BaTiO3, the transition temperature can be brought
down to room temperature. Therefore, we will get a high dielectric constant at
room temperature for Ba1−xSrxTiO3 material. In this material, x is used as the
composition of Sr. In this research work, we have added 20 mol% of Sr (i.e, x =
0.2) into pure BaTiO3 so that we have used Ba0.8Sr0.2TiO3 (BST) as the dielectric
material.
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1.6 Related Work
Dielectric Characteristics of Barium Strontium Titanate Based Metal Insulator
Metal Capacitor for Dynamic Random Access Memory Cell [8].
• The Metal-Insulator-Metal (MIM) capacitor structure is designed and
fabricated with barium strontium titanate (BST) oxide material as the
capacitor dielectric material and silver as both top and bottom electrodes
for dynamic random access memory (DRAM) cell.
• This designed capacitor consists of about 2 mm BST pellet and about 1 mm
silver top and bottom electrodes.
• The composition of the BST is chosen as Ba0.5Sr0.5TiO3 due to its better
dielectric characteristics as shown in Figure 1.5.
• The dielectric characteristics of both the fabricated MIM and the simulated
MIM are compared and it is found that the experimental values and
simulated values are found to be comparable. The simulated dielectric
constant, dielectric loss, charge storage density, leakage current density are
found to be 1250, 0.025, 5 µC/cm2 and 5 pA/cm2, respectively against
the corresponding experimental values of 1164, 0.063, 3.5 µC/cm2 and
49.4pA/cm2.
Preparation and characterization of (Ba,Zr)TiO3/(Ba,Sr)TiO3 heterostructure
grown on (LaAl O3)0.3 (S r2 AlTaO6) 0.35 single crystal substrates by pulsed laser
deposition [9].
• (Ba,Sr)TiO3, Ba(Zr,Ti)O3 single layer films and (Ba,Sr)TiO3/ (Ba,Zr)TiO3
multilayered films are deposited and their dielectric properties are studied.
• It is observed that dielectric constant for multilayered films is lower compared
to that of single layer films due to the series combination of two capacitors
as shown in Figure 1.6.
8
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Figure 1.5: Charge storage density vs. voltage for BST capacitor.
Figure 1.6: Relative permittivity vs. frequency for BST, BZT, BZT/BST and
BSZT thin films.
9
Chapter 1 Introduction
• Also multilayered films show good tunability of 44% whereas single layer
films show 39%.
• Therefore, multilayered dielectric films are showing better dielectric
properties compared to those of single layer films.
Dielectric properties of sol-gel derived MgO:Ba0.5Sr0.5TiO3 thin film
composites [10].
• (Ba,Sr)TiO3/MgO multilayered dielectric thin films are deposited by sol-gel
process and their dielectric properties are studied for microwave device
applications.
• Dielectric constant and dielectric loss is a function of temperature for BST
films and BST/MgO multilayered films as shown in Figure 1.7.
• It is observed that BST/MgO multilayered dielectric films show improved
dielectric properties such as low dielectric loss (tanδ) = 0.0049 and K
factor = 51.42 compared to those of single layer BST dielectric films.
Figure 1.7: Dielectric constant and dielectric loss as a function of temperature for
BST films and BST/MgO multilayered films.
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Substantial reduction of the dielectric losses of Ba0.6Sr0.4TiO3 thin films using a
SiO2 barrier layer [11].
Figure 1.8: Frequency dependence of relative permittivity and dielectric loss for
BST films and BST/SiO2 bilayered film.
Figure 1.9: Dielectric loss vs. electric field for BST films and BST/SiO2 bilayered
films with different SiO2 thicknesses.
• The improvement in dielectric loss parameter in dielectric thin films for
applications in dynamic memory and microwave devices are studied.
11
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• The single layered (Ba, Sr)TiO3 films and multilayered (Ba, Sr)TiO3/SiO2
are deposited by sputtering technique.
• The multilayered films show low dielectric loss compared to that of single
layer films as shown in Figure 1.8.
• BST/SiO2 multilayered films show better dielectric performance as shown
in Figure 1.9.
Improvement in electrical characteristics of graded manganese doped barium
strontium titanate thin films [12].
Figure 1.10: Comparison of current vs. voltage of Mn doping to pure BST films.
• The effect of Mn on the leakage current of (Ba,Sr)TiO3 thin films. They
observed that the leakage current decreases with Mn doping in comparison
to pure BST films.
• Comparison of current vs. voltage of Mn doping to pure BST films is shown
in Figure 1.10.
12
Chapter 2
Study of different conduction
mechanisms to increase the
performance of
DRAM
• Study of leakage current in BST films and proposition of BST/ZrO2/BST
multilayer thin films in the temperature range of 400 to 450K.
• The conduction mechanism contribution to the leakage current in low field
region and the calculation of activation energy for electrons.
2.1 I-V measurements of a capacitor
Keithley 6517A electrometer is used to take the I-V measurements of the MIM
capacitors.
The HI terminal from the rear panel of the electrometer is connected to the
top electrode (Au) of the capacitor whereas the LO terminal is connected to
the bottom electrode (Pt) of the capacitor for taking I-V measurements. The
IEEE-488 terminal from the real panel of the electrometer is connected to the
13
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computer to take the I-V measurements automatically using LABVIEW programs
as shown in Figure 2.1.
Figure 2.1: Schematic diagram of the I-V measurement systems.
Figure 2.2: Diagram of the sample for I-V measurement.
2.2 I-V measurements of a standard capacitors
DC Power supply is given to a standard capacitor. The voltage change is made
by the knob present in the supplier and one ammeter is also connected to the
14
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capacitor to read the current value with respect to voltage change.
2.3 Activation energy calculation
The current density (J ) due to Ohmic conduction is given by,
J ∼ Eexp
(
−Ea
kT
)
(2.1)
Taking natural logarithm (ln) of both the sides of the above equation, we will get,
lnJ = lnE − Ea
kT
(2.2)
lnJ = lnE +
(
−Ea
k
)(
1
T
)
(2.3)
lnJ = lnE +
(
− Ea
k × 1000
)(
1000
T
)
(2.4)
At a fixed electric field, by plotting lnJ on the y-axis and 1000/T on the x-axis,
we will get a straight line and the slope of this line is given by,
slope = − Ea
k × 1000 (2.5)
Ea = (−slope)× k × 1000 (2.6)
Ea = (−slope)× 8.617× 10−5 eV
K
× 1000 (2.7)
Ea = (−slope)× 8.617× 10−2eV (2.8)
Ea = (−slope)× 0.08617eV (2.9)
If the slope of the linear fitting is known, the activation energy can be calculated
using the Equation 2.9.
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2.4 Simulated leakage current of Au/BST/Pt
capacitor of DRAM
(Ba,Sr)TiO3 (BST) is a high dielectric constant material which is used in
metal-insulator-metal (MIM) capacitor for dynamic random access memory
(DRAM) applications. The dielectric material should have high dielectric
constant as well as low leakage current for its application in DRAM devices.
The high dielectric constant will give higher capacitance density and hence more
charge storage in the capacitor. Leakage current is an important parameter which
determines the charge retention capacity of the capacitor. Also this leakage
current evaluates the power loss in memory circuits. In order to better understand
the application of a dielectric material in MIM capacitor for DRAM applications,
it is very important to estimate the simulated leakage current in a capacitor. In
this work, we have studied the electric field dependent leakage current density
(J versus E) in Au/BST/Pt MIM capacitor. Poole-Frenkel (PF) conduction
mechanism is a well known process for the leakage current in high dielectric
constant materials. The leakage current due to PF process is given by Equation
(2.2),
JPF = qNcµEexp
−q
(
φt −
√
qE
piεrε0
)
kT
 (2.10)
where µ is the electron mobility, E is the electric field, q is the charge, Nc is the
effective density of states, φt is the trap level energy, εr is the dynamic dielectric
constant, and T is the temperature. For theoretical calculation of leakage current,
we have taken the thickness of the BST dielectric thin film as 380 nm and used
different voltage range. The electric field is calculated as E = V/ thickness. We
have done the simulation in the temperature range of 400 to 450K. We have used
the following values for different parameters which are collected from literatures
and used in Equation (2.10) in order to estimate the simulated leakage current in
BST dielectric.
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µ = 1.0 x 10−14 m2/V s
Nc = 1.0 x 10
24 m−3
q = 1.602 x 10−19 C
εr = n
2 = 4
ε0 = 8.85 x 10
−12 F/m
φt = 0.54 eV
T = 400 K to 450 K
k = 1.38 x 10−23 J/K
The trap level energy (φt) has been calculated from our experimental data
shown in Figure 2.3.
Figure 2.3: Experimental J vs. E at different temperature for B0 sample.
In order to calculate the trap level energy, we have plotted ln(J/E) vs E0.5 as
shown in Figure 2.4 It is observed that the high field region data are in a straight
line. We made a linear fit in the high field region. We obtained the slope and
y-intercept from the linear fit in Figure 2.4. Thereafter, we plotted the y-intercept
versus 1000/T in Figure 2.5. Again we made a linear fit as shown in Figure 2.5.
We calculated the trap level energy from the slope of the linear fit in Figure 2.5.
The estimated trap level energy (φt) comes out to be 0.54 eV. We used this trap
level energy for the estimation of simulated leakage current density in the MIM
capacitor using BST dielectric.
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Figure 2.4: ln(J/E) vs. E0.5 at different temperature for B0 sample.
Figure 2.5: ln(J/E) vs. 1000/T for B0 sample.
The simulated leakage current density (J) versus electric field (E) for
Au/BST/Pt MIM capacitor at different temperatures is shown in Figure 2.6.
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Figure 2.6: Plot of simulated J vs. E for Au/BST/Pt MIM capacitor at different
temperatures.
2.5 Experimental value analysis using Origin
software and collected using Labview
The Labview software from national instruments (NI) is installed in the computer
and a Labview program is used to take the I-V measurements for the capacitor
devices. On the front panel of the Labview program, an intial voltage of 0.2
V and a final voltage of 10.0 V are given for the measurement at a particular
temperature. Different final voltages are used for various temperatures. A step
voltage of 0.2 V is given so that the current is measured at different voltages such
as 0.2 V, 0.4 V, 0.6 V, 0.8 V, 1.0 V, ..10.0 V at fixed temperature. Similarly, the
I-V measurents are taken at other temperatures. For the measurement at each
step voltage, a time delay of 100 ms is given. After one complete measurement,
the data is transferred automatically from the measuring instrument to the
controlled computer. The stored I-V data in the computer has been further
analyzed for this thesis work.
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Figure 2.7 shows the measured capacitance and dielectric loss at different
frequencies for an MIM capacitor using Labview program. Figure 2.8 shows the
experimental leakage current (I) at different voltages (V) for an MIM capacitor
using Labview program. Figure 2.9 shows the block diagram of the Labview
program for the measurement of leakage current (I) at different voltages (V) for an
MIM capacitor. Figure 2.10 shows the commands for thae measurement of leakage
current (I) at different voltages (V) for an MIM capacitor using Labview program.
Figure 2.7: Test-1
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Figure 2.8: Export of Test-1
Figure 2.9: Block diagram for I-V measurements.
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Figure 2.10: Block diagram showing different commands for I-V measurements.
2.6 Different sample structure
Figure 2.11: Schematic diagrams of pure BST film and BST/ZrO2/BST
multilayered films structure.
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3.1 J vs. E plot for BST and BST/ZrO2/BST
film at different temperatures
Figure 3.1 shows the leakage current density (J) versus electric field (E) plots
in the temperature range of 400 - 450K for BST films and BST/ZrO2/BST
multilayered films. It is observed that J increases with the increase of temperature.
The strong temperature dependence of the leakage current density (Figure 3.1
(a) and (b)) suggests that the electron transport is activated such as one would
expect either an Ohmic conduction process or space charge limited current
(SCLC) mechanism is contributing to the leakage current in the low field region
in these multilayered films.
23
Chapter 3 Results and Discussion
(a)
(b)
Figure 3.1: J vs. E plot for (a) BST (B0) film and (b) BST/ZrO2/BST (BZ1)
multilayered film at different temperatures.
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3.2 lnJ vs. lnE plot for BST and BST/ZrO2/BST
film at different temperatures.
To explain the different conduction mechanisms contributing to the leakage current
in this dielectric films, the temperature dependent J-E data as shown in Figure 3.1
is plotted as lnJ versus lnE in Figure 3.2 for BST and BST/ZrO2 multilayered
films, respectively. From Figure 3.2, it is observed that the slope is close to 1
in the low electric field region. Therefore, it is possible that some mechanism
is contributing to the leakage current in the low field region. It is also known
that Ohmic conduction process is observed when the volume generated intrinsic
free carrier density, n0, is higher than the injected free carrier density, ni. It is
observed that the slope of the ln J vs. ln E curve is slightly smaller than 1 for both
BST films and BST/ZrO2 multilayer films, in the low field region, which probably
resulted from the ferroelectric polarization of BST thin film [13].
As the leakage current density is temperature dependent (Figure 3.1) also in
the low field region, the direct tunneling mechanism is ruled out. At this low
field regime, the possible leakage mechanism is Ohmic conduction which is carried
by thermally excited electrons hopping from one state to the next. This Ohmic
current density is given by Equation (3.1) [6]
J ∼ Eexp
(−Ea
kT
)
(3.1)
where E is the electric field, T is the device temperature, and Ea is the thermal
activation energy of conduction electrons. To further confirm the dominance of
Ohmic conduction mechanism, the I-V data is plotted as ln J versus ln E according
to Equation (3.1) and are shown in Figure 3.2. It can be seen that the I-V data in
the low field regime perfectly fits to a straight line with a slope ∼ 1. Hence, Ohmic
conduction is the dominant mechanism in the low electric field region. Therefore,
one can conclude that the conduction process through BST films and BST/ZrO2
multilayered films is Ohmic in the low field region.
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(a)
(b)
Figure 3.2: ln J vs. ln E plot for (a) BST (B0) film and (b) BST/ZrO2/BST (BZ1)
multilayered film at different temperatures.
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3.3 lnJ vs. 1000/T plot for BST and
BST/ZrO2/BST film
(a)
(b)
Figure 3.3: ln J vs.1000/T plot for (a) BST (B0) film and (b) BST/ZrO2/BST
(BZ1) multilayered film.
In the low field region where Ohmic conduction is dominant, the plot of ln J
versus 1000/T gives a straight line at a fixed electric field as per Equation (3.1) and
the slope determines the thermal activation energy (Ea) for the Ohmic conduction
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mechanism. The activation energy was determined at a fixed electric field (0.21 x
105 V/cm) for both pure BST film and BST/ZrO2 multilayered films. Figures 3.3
(a) and (b) show the plot for ln J versus 1000/T and the activation energies come
out to be 0.5 and 0.56 eV for BST and BST/ZrO2/BST films, respectively.These
values are close to the reported activation energies by Liu et al. [14] and are very
close to the energy required for the diffusion of doubly ionized oxygen vacancies
(Vo
..) which are the active electron traps for the conduction process in these films.
3.4 lnJ vs. lnE plots showing linear fitting in the
medium field region for SCLC mechanism
In Figure 3.2, it is observed that the I-V data points in the medium field region are
deviating from the linear fit of the low field region data. It looks like some other
conduction mechanism rather than Ohmic is contributing to the leakage current
in this region. When a single discrete trap level exists in the band gap, current
density J dominated by SCLC mechanism is given by Equation (3.2) [6],
J =
9
8
µε0εrθ
E2
d
(3.2)
where εr is the relative dielectric constant, ε0 is the permittivity of the free space,
µ is the electron mobility, E is the applied electric field, d is the film thickness,
and θ is the ratio of free to trapped charge. According to Equation (3.2), lnJ
versus lnE plot will give a straight line with a slope of 2. In order to examine the
dominance of SCLC mechanism in the medium field region, we have plotted the
I−V data as lnJ vs. lnE as shown in Figure 3.4. It is observed that there is a linear
fit in the medium field region and the slopes come out to be nearly 2 for all the
temperatures. Therefore, SCLC mechanism is contributing to the leakage current
in this region. Hence, we conclude that Ohmic and SCLC mechanism are dominant
in the low and field regions, respectively for both BST and BST/ZrO2/BST films.
The voltage at the trap filled limit (VTFL) is the voltage between quadratic (slope
=2) and higher than quadratic SCLC (slope>2) regions when all the trap levels
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(a)
(b)
Figure 3.4: lnJ vs. lnE plots showing linear fitting in the medium field region for
SCLC mechanism (a) (BST)B0 films and (b) BZ1 multilayered films.
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are fully occupied. VTFL can be expressed as [15]
VTFL =
qNtd
2
2ε0εr
(3.3)
where Nt is the trap density, d is the thickness, and εr is the relative permittivity
of the film. The trap concentration Nt calculated from VTFL comes out to be
2.2 x 1018 cm−3 for BST/ZrO2 multilayered films and 5.1 x 1018 cm−3 for pure
BST films at room temperature. Hence, there is a reduction in trap density due to
insertion of ZrO2 layer in BST films. Therefore, multilayered films are better than
the single layer films with respect to leakage current. Hence, the higher activation
energy observed for BST/ZrO2 multilayered films is due to the lower trap density
in comparison to pure BST films [16].
3.5 Comparison of leakage current density (J)
versus field (E) for B0 and BZ1 films at
temperatures 400 and 410 K
Figure 3.5: Comparison of leakage current density (J) versus field (E) for B0 and
BZ1 films at temperatures 400 and 410 K.
The physical explanation for the possible origin of the conduction mechanism
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in both BST films and BST/ZrO2/BST multilayered thin films is that, when
low positive field is applied to the top electrode (Au), band bending occurs in
the dielectrics [16]. The injected electrons from the bottom electrode (Pt) passes
through the dielectric films and do not enter the trap level below the conduction
band. Therefore, Ohmic conduction is the dominant mechanism in the low field
region. When high positive field is applied, more band bending occurs and traps
present below the conduction band participate in the conduction process. Hence,
SCLC mechanism occurs at medium field region in these films [16].
Figure 3.5 shows the comparison of J vs. E plots for BST films and BST/ZrO2
multilayered films at temperatures 400 and 410K. It is observed that the leakage
current density is reduced by about one order of magnitude for BST/ZrO2 films
compared to that of pure BST films in the entire field range and is due to the
increase in the activation energy for electrons and a reduction in trap density by
the introduction of ZrO2 layer in between BST layers in multilayered films.
Table 3.1: Comparison of leakage current.
Thin Films Leakage Current (A) at 10 V Reference Summary
(Ba, Sr)TiO3 ∼ 10−8 Jain et al. [12] More leakage current
(Ba, Sr)TiO3 ∼ 7.8−11 In our work Less leakage current
From the above table, it is clear that our (Ba,Sr)TiO3 films show low leakage
current comparison to the results reported by Jain et al. [12].
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Conclusions and Future Work
In summary, the leakage current and conduction mechanisms are studied for
both BST films and BST/ZrO2/BST multilayered thin films fabricated on
Pt/Ti/SiO2/Si substrates by a sol-gel process. It is observed that in these films
Ohmic conduction process is the dominant mechanism in the low field region
whereas SCLC mechanism contributes to the leakage current in the medium
field region. The activation energy for conduction electrons increases from 0.5
to 0.56 eV with the introduction of a ZrO2 layer in between BST layers. The
leakage current density is reduced by an order of magnitude for BST films
with ZrO2 layer compared to that of pure BST films in the whole field range.
Therefore, BST/ZrO2/BST multilayered dielectric films are very suitable for
DRAM applications due their low leakage current density as well as low trap
density in comparison to pure BST films. The higher measured leakage current
observed compared to simulated leakage current for BST thin film is due to the
effect of electrodes and the structure of the dielectric thin film in a real MIM
capacitor.
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